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Spherical harmonic spectrum of ITG-GRACE2010s
 
 





























Spherical harmonic spectrum of ITG-GRACE2010s
 
 


















Pre CHAMP era 
Space geodetic observation techniques 






Development of the gravity field precision and resolution 
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CHAMP 
Satellite system CHAMP 
CHAMP = CHAllenging 
Minisatellite Payload 
 
• Initial orbit height: ~ 485 km 
• Inclination: ~ 87.5° 




• Observation quantity: 
– Position by GPS 
– Non-gravitational forces by 
accelerometers 
Newton‘s equation of motion 
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2010: 
GAIN due to CHAMP 
GRACE 
Satellite system GRACE 
GRACE = Gravity Recovery 
and Climate Experiment 
 
• Initial orbit height: ~ 485 km 
• Inclination: ~ 89° 
• Key technologies: 
– GPS 
– accelerometer 
– K-Band ranging system 
• Observation quantity: 
– distance (range)  
– change of distance (range rate)  
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Rummel et al. 1978 
2013: 
GAIN due to GRACE 
2013: 
GAIN due to GRACE and GOCE 
2013: 
GAIN due to GRACE: time variable gravity (TVG) 
Achievements  
in terms of the TVG 
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10 000 km 























































































Change in water storage 
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GRACE GFZ Rel. 4 High-low SST 
Water is stressed … 
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GRACE und GRACE Follow-On (GFO) 
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Low-low  
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GRACE und GRACE Follow-On (GFO) 
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Low-low  
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up to 4 year data gap 
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SWARM 
year 
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10 000 km 
























































































• The decade of the potential yield an improvement 
in the gravity field by three orders of magnitude. 
• Time variable gravity can be observed for the first 
time with a monthly sampling.  
• Ongoing strive for higher spatial and temporal 
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